Objective The presence of periodontal disease (PD) in subjects affected by the metabolic syndrome (MetS) may affect their risk of developing cardiovascular disease. The aim of this cross-sectional study was to investigate the systemic impact of PD in MetS, by assessing measures of sub-clinical atherosclerosis and left ventricular mass and geometry. Materials and methods A total of 103 patients undergoing treatment for MetS were examined for confirmation of diagnosis, blood sampling, and measures of pulse wave velocity (PWV), carotid intima-media thickness (c-IMT), left ventricular mass index (LVM), and relative wall thickness (RWT). All subjects underwent a detailed dental assessment, including measurements of DMFT (decayed-missing-filled teeth) and periodontal parameters. Results Ten patients (10%) were diagnosed with healthy-mild periodontitis, 38 patients (37%) were diagnosed in the moderate periodontitis group, and 55 (53%) had severe periodontitis. A total of 37% of subjects were affected by dental caries. Linear regression analysis revealed that patients with severe PD had increased average ventricular RWT (adjusted p = 0.032). Average full mouth probing pocket depth (PPD) was also associated with RWT (adjusted p = 0.006). No associations between PD and c-IMT, PWV, and LVM were detected after adjusted analyses. Conclusion This study suggests that periodontitis may be associated with concentric left ventricular remodeling, a predictive index of cardiovascular events. Clinical relevance The presence of periodontitis in patients with MetS might have an effect on left ventricular geometry. These findings stress the importance of prevention, diagnosis, and management of periodontitis in patients with MetS. Trail registration NCT03297749
Introduction
Epidemiological evidence accumulated over the last two decades suggests that periodontitis is associated with dyslipidemia, glucose intolerance, a low-grade systemic inflammatory state, and systemic diseases such as cardiovascular disease and diabetes [1, 2] .
Obesity, insulin resistance, hypertension, and dyslipidemia often cluster in the same group of individuals and are described as part of a condition termed metabolic syndrome (MetS), associated with increased risk of developing diabetes and cardiovascular events [3] . A recent systematic review concluded that MetS is associated with the presence of periodontitis (OR = 1.71; 95% CI = 1.42 to 2.03) and suggested that periodontal diagnostic procedures should be routinely carried out in MetS patients [4] . The association between MetS and periodontitis may be mediated by predisposing genetic variants (common susceptibility), microbially driven inflammatory reactions facilitated by pro-inflammatory cytokines, abdominal obesity, and oxidative stress [5] [6] [7] .
Cardiovascular disease-predisposing data of arterial thickness and dysfunction and arterial stiffness have been reported in patients with periodontitis [8] [9] [10] [11] [12] . Also, MetS is associated with arterial stiffness, and monitoring of arterial pulse wave velocity in patients with MetS was found to be helpful in identifying patients at high risk for sub-clinical atherosclerosis [13] . Another important prognostic factor for cardiovascular events is altered left ventricular geometry. In particular, left ventricular hypertrophy (LVH) is caused by an increase in mass of the left ventricle and can be secondary to an increase in cavity size, in wall thickness, or both. While some studies reported a positive association between increased left ventricular mass (LVM) and chronic periodontitis [11] [12] [13] [14] , not much is known about relationships between left ventricular relative wall thickness (RWT) and periodontitis. No data are available, to our knowledge, on arterial stiffness and ventricular geometry in patients affected by both MetS and PD and on how the latter may act as a modifier of the systemic impact of MetS.
Therefore, the aim of this study was to investigate the systemic impact of periodontitis in patients with MetS, by assessing measures of sub-clinical atherosclerosis and cardiac remodeling, namely carotid intima-media thickness (c-IMT), arterial stiffness (carotid-femoral and carotid-radial pulse wave velocity (PWV)), left ventricular mass (LVM), and geometry (RWT).
Material and methods
The null hypothesis of this cross-sectional study was that there were no differences in cardiovascular event predictors (PWT, c-IMT, LVM, and RWT) in patients with MetS with and without periodontitis. PWV was chosen as the primary outcome of the study. The STROBE checklist (attached as supplementary material 1) was followed during the conduct and reporting of the study.
Study population
One hundred twelve patients with metabolic syndrome were identified as suitable from 200 consecutive subjects attending the Department of Internal Medicine (Ospedale Cannizzaro and Ospedale Garibaldi), University of Catania, for outpatient examination. A total of 103 subjects agreed to undergo all the necessary examinations as part of the study and were included from July 2015 to July 2017. Ethics approval was obtained by the sponsor institution, University College London (reference 4242/01), and, separately, by the clinical center (reference 1497/Cs). All patients signed informed consents to take part in the study. The study was registered on clinicaltrials.gov (identifier NCT03297749). 
Inclusion criteria

Medical assessment and blood sampling
The medical history of the patients was recorded. Smoking was defined as self-reported former, current (at least 1 cigarette/day), and never, and packs/years were recorded. Body mass index (BMI), waist circumference, and office blood pressure readings (by Omron 907 semi-automated device) were measured and recorded. All subjects were required to fast for at least 12 h prior to blood sampling, taken from the antecubital vein. Within 1 h of collection, vacutainer for serum and plasma separation were centrifuged at 3000 rpm for 15 min. The serum and plasma collected were then placed into aliquots of 1 mL in plastic cryovials and stored in a − 80°C freezer until analysis. Routine hematological analysis included analysis of white cell count (WCC) and differential, red cell count (RCC), high-sensitivity C-reactive protein (CRP), fasting glucose, insulinemia, and lipid levels. The HOMA index was calculated as previously described [16] .
Ultrasound assessment
B-mode real-time ultrasound was performed in blind, evaluating the arterial wall thickness in the carotid arteries. Patients were examined in the supine position, and each carotid wall or segment was examined to identify the thickest intimal-medial site as previously described [17] . Three segments were identified and measured in anteroand posterior-planes on each side: the distal 1.0 cm of the common carotid proximal to the bifurcation, the bifurcation itself, and the proximal 1.0 cm of the internal carotid artery. At each of these sites, the presence of any possible plaque was detected and the intima-media thickness (c-IMT) was determined as the distance between the echogenic line representing the intima blood interface and the outer echogenic line representing the adventitia junction.
Arterial stiffness
Assessment of aortic pulse wave velocity, augmentation index, and pressure was done by a tonometer, with the patient lying in supine position, after a 10-min rest [18] . Tonometry was carried out by Pulse Pen on the carotid, radial, and femoral arteries. Distance between carotid and both radial femoral arteries was measured and given to the instrument software to calculate pulse wave velocity (PWV), augmentation index, and pressure. Based on the fact that both elastic and muscular arterial components could be affected by inflammation [19] , both carotidfemoral (cf) and carotid-radial (cr) PWV were calculated.
Echocardiography
Echocardiographic data were measured by MyLab 25 instrument (Esaote S.P.A., Genoa, Italy) according to the recommendations of the American Society of Echocardiography by an observer unaware of other study outcomes. LVM was calculated according to the Devereux formula and indexed to height 2·7 (LVMi) [20] in order to minimize any potential distortion attributable to extracellular volume expansion [21] . LVH was defined by a LVMi > 47 g m −2.7 in women or > 50 g m −2.7 in men. RWT was calculated as follows:
2*posterior wall thickness/left ventricular end diastolic diameter, as an index of the left ventricular geometric pattern.
Values indicative of concentric and eccentric left ventricular geometry were established on the basis of age-specific reference standards [22] .
Dental examination
Patients' dental history was investigated, including family history of periodontal disease, frequency of dental appointments, date of last appointment and previous treatment, reasons for tooth loss and frequency, and type of tooth brushing. The following clinical parameters were assessed by a single calibrated examiner at six sites/tooth: dichotomous full mouth plaque scores (FMPS) [23] , full mouth probing pocket depth (PPD), recession (REC) of the gingival margin from the cementoenamel junction, bleeding on probing (FMBS) [23] , tooth mobility, and furcation involvement. Clinical attachment level (CAL) was calculated as PPD + REC. Clinical parameters were assessed by probing with a UNC-15 periodontal probe and a Nabers probe for furcation involvement. Furthermore, the examiner recorded the DMFT (decayedmissing-filled teeth) index for each patient, which represents an estimation of the total number of teeth in the mouth which have experienced carious lesions [24] . Decays and fillings were sought clinically in the occlusal, buccal, lingual, and interproximal surfaces by visualization and with the help of a standard probe. Saliva, gingival crevicular fluid, and subgingival plaque samples were collected and stored for future analyses.
Definition of periodontitis
Patients were classified as having periodontitis according to the criteria below [25] :
-Healthy/mild periodontitis: < 2 sites on different teeth with CAL ≥ 4 mm or no sites with PPD ≥ 4 mm -Moderate periodontitis: ≥ 2 sites on different teeth with CAL ≥ 4 mm or one site with PPD ≥ 4 mm -Severe periodontitis: ≥ 2 sites on different teeth with CAL ≥ 6 mm and ≥ 1 site with PPD ≥ 4 mm
Examiner calibration
Laboratory, ultrasonic, and statistical analyses were performed masked to the dental classification of subjects. Digitized ultrasonic images from 10 non-study subjects were used for the examiners' calibration of ultrasound assessments. The designated examiners measured PWV, c-IMT, and echocardiographic parameters twice on the same day (minimum of 15-min separation) for intra-examiner calibration. Reproducibility was calculated by intraclass correlation coefficient (ICC) as 0.93, 0.92, and 0.92 for PWV, c-IMT, and RWT. The periodontal clinical examiner had been calibrated before the start of the study by carrying out double measurements in a total of five non-study subjects with minimum of 15-min separation. The ICC was 0.93 for PPD and 0.91 for CAL.
Sample size calculation
The sample size calculation was based on a previous systematic review [12] showing a PWV mean difference 0.85 m/s (95% confidence interval, 0.53-1.16) between patients with and without periodontitis. A sample size of 102 patients was required with a power of 0.8, standard deviation of 2.5, and sampling ratio of 2 (www.powerandsamplesizes.com).
Statistical analysis/power calculation
Data were entered in a computer as an Excel file and proofed for entry errors. The resulting database was locked and loaded in SPSS Version 23.0. Continuous, normally distributed variables are reported as means ± standard deviations (SD).
Comparisons of continuous and categorical data between groups were analyzed with ANOVA and chi-square test, respectively. The α value was set at 0.05. Given the expected high prevalence of periodontitis in this patient cohort, a dichotomous variable Bsevere periodontitis^was given according to the criteria described above: no/mild/moderate periodontitis vs. severe periodontitis [25] . Data relative to all three groups (healthy-mild, moderate, and severe) are also reported. Associations between presence of periodontitis and cardiovascular parameters were sought by linear regression analyses adjusted for confounders.
Results
Demographic and clinical characteristics of the 103 included subjects are reported in Table 1 . Patients were on average 58 years old, with a majority of males, and had an average BMI of nearly 32.
Dental history and diagnoses
The great majority of included subjects were not regular dental attenders: 77% said they only attended the dentist in case of problems, and two of them had never had a dental visit in their life. Although most patients reported brushing their teeth 2/day, six subjects reported brushing 1-2/week, and one said he never brushed his teeth. Only a small proportion (13%) ever used interdental cleaning tools. Table 2 reports dental clinical parameters assessed in all subjects. An average of nearly 23 teeth were present, excluding third molars. The average DMFT score was 12.58, and caries was found in 38 subjects (37%). Periodontal examination revealed high plaque scores (average 72%) and bleeding on probing score just below 24%. The majority of PPDs (93.17%) were in the 1-4-mm range, with only around 1% exceeding 6 mm. Overall, 10 subjects were classified as no-mild periodontitis, 38 as moderate periodontitis, and 55 as severe periodontitis [25] . All the subjects in the no-mild periodontitis showed minimal gingival inflammation, with FMBS < 15%.
Metabolic syndrome and cardiovascular diagnosis
A total of 40 subjects had five metabolic syndrome components diagnosed, while 39 and 24 subjects had four or three positive components, respectively. The most common component detected was decreased HDL (88%), followed by increased waist circumference (86%), hypertension (84%), increased triglycerides (83%), and increased glycemic levels (74%). A total of 73 subjects (70%) were diagnosed with diabetes. Fourteen subjects reported previous cardiovascular events.
Associations between dental status and metabolic and cardiovascular parameters Figure 1 shows respectively c-IMT, cf-PWV, and cr-PWV for patients divided by periodontal disease severity (no-moderate vs. severe periodontitis). Figure 2 reports LVMi and RWT for patients divided by periodontal severity. Table 3 reports nonadjusted analyses of associations between periodontal diagnosis (no-moderate vs. severe periodontitis) and number of MetS components, previous cardiovascular disease (CVD) events, c-IMT, and PWV. Both cf-and cr-PWV did not show any association with periodontal status. Age was associated with both cf-PWV (p = 0.019) and cr-PWV (p = 0.048); c-IMT showed a borderline association with periodontal diagnosis (p = 0.042), but the significance disappeared (p = 0.175) after adjustment for confounders (age, gender, systolic blood pressure, smoking, and HOMA index). Age and gender were associated with c-IMT (p = 0.005 and p = 0.004, respectively).
No association was detected between LVMi and periodontal status. By contrast, RWT was higher in patients with severe periodontitis compared with subjects with no-moderate periodontitis (p = 0.025 adjusted for age, gender, systolic blood pressure, smoking, HOMA index, and number of teeth) (see Table 4 for linear regression model). Exploring this further, average PPD was also associated with RWT (p = 0.006 adjusted for age, gender, systolic blood pressure, smoking, HOMA index, and number of teeth), while no association was detected between bleeding on probing score (FMBS) and RWT (p = 0.707).
Discussion
Parameters of sub-clinical atherosclerosis and cardiac remodeling were assessed in a group of 103 subjects with MetS according to periodontal diagnosis (divided into 48 with nomoderate periodontitis and 55 with severe periodontitis). In particular, arterial stiffness (measured by PWV), c-IMT, LVMi, and RWT were investigated. This is the first study, to our knowledge, to report an association between severity of periodontitis and RWT in patients with the metabolic syndrome.
A strong epidemiological association between periodontitis and MetS has been widely reported and suspected to be mediated by shared genetic susceptibility, by environmental and behavioral factors, and by bi-directional effects of dyslipidemia, reduced glucose tolerance, oxidative stress, molecular mimicry, and dysbiosis [4] . Both patients with MetS and patients with periodontitis have been found to have an increased risk in surrogate CVD markers and also in cardiovascular mortality [3, 26] . In particular, indexes of arterial thickness and dysfunction (including c-IMT), increased left ventricular mass and blood pressure have been reported in patients with periodontitis [10, 11, 27] . A recent systematic review showed that patients with severe periodontitis have increased arterial stiffness (measured as higher PWV) compared with patients without periodontitis or with gingivitis/mild periodontitis [12] . Both c-IMT and PWV have, in turn, been associated with mortality for CVD [28] [29] [30] .
The finding of an association between RWT and periodontitis suggests that periodontal pathology might contribute to abnormal left ventricular geometry. This is further corroborated by an association between continuous measures of periodontal disease severity (average PPD) and RWT, while no association was detected between bleeding on probing and RWT. Previous studies observed increased left ventricular mass in periodontitis patients with essential hypertension [11, 31] and diabetes [14] . It is well recognized that, although LVM has been widely used to assess left ventricular hypertrophy as a consequence of arterial hypertension, RWT increase can be often found without increased LVM [32] , thus indicating a concentric ventricular remodeling, predictive of stroke risk independently of LVM [32, 33] . Of note, concentric hypertrophy, in parallel with LVM, has been shown to be associated with a marked increase in adverse CVD events in adults free of prevalent CVD [34] . In the current study, while no association was detected between left ventricular mass and periodontitis, RWT showed an increase in patients with severe periodontitis, independently of other risk factors such as age, gender, smoking, hypertension, and insulin resistance. Among other CVD predictors, although c-IMT was found higher in patients with MetS affected by severe periodontitis, no statistically significant differences were detected after adjusted analysis. Furthermore, no differences by periodontal diagnosis were detected for cf-and cr-PWV. The findings of borderline-increased c-IMT in patients with severe periodontitis largely corroborate previous data in the literature, although this was not statistically significant in the present study after adjusting for confounders. The difference in c-IMT detected in the current study between no-moderate and severe periodontitis (0.88 mm vs. 0.96) was of the same magnitude of the average difference in c-IMT in a recent meta-analysis (increased c-IMT for PD vs. controls, with a difference of 0.08 mm) [29] . Interestingly, a study in a Chinese cohort of 59 patients with chronic periodontitis, 26 of whom also had MetS, showed increased c-IMT for patients with both MetS and periodontitis compared with patients with periodontitis and no MetS. However, no associations were detected between severity of periodontitis and c-IMT [13] .
One of the possible reasons for the lack of associations between arterial stiffness and periodontitis in this study is that comorbidities (such as hypertension, dyslipidemia, and impaired glucose metabolism) may act as confounders, so masking the association between periodontitis and PWV. In support of this, in populations with comorbidities (e.g., hypertension, diabetes), less marked differences in PWV were detected between patients with and without periodontitis [12] . It is also important to notice that the patients included in the study were not treatment-naïve, but were under pharmacological therapy for the MetS, which could have masked potential associations.
The population described here included subjects with overall poor dental care, measured as irregular dental attendance, irregular tooth brushing, and almost complete absence of [25] interdental brushing; all reflected in high plaque scores. It is somewhat surprising that, despite this and the MetS diagnosis, Bsevere periodontitis^ [25] was not widespread, and even within it, only 1.7% of PPDs were > 6 mm, with an average PPD of 2.89 mm.
Strengths of this study are the ethnic homogeneity of the included subjects, the consistency of full mouth periodontal examinations carried out by a single calibrated examiner, and the analysis of a wealth of CVD parameters in a population well-characterized periodontally. Limitations of the study are [35, 36] , may have affected the study results, and different outcomes of association may have been seen if other definitions had been adopted. Overall, this study suggests that severe periodontitis may be associated with altered left ventricular geometry in patients with MetS, suggesting that periodontal disease may be an emerging co-factor in increasing cardiovascular risk in patients under treatment for the metabolic syndrome. The absence of association between periodontitis and both c-IMT and PWV also suggests, in agreement with what was found by previous studies [12, 13] , that any effect of periodontal disease on sub-clinical atherosclerosis may be diluted by the presence of other comorbidities (such as in MetS) and by concomitant pharmacological treatment. However, the different effects on the arterial vessels and the heart would underscore that the heart seems to be more sensitive to the association of metabolic syndrome and periodontitis. Further studies in larger cohorts should be performed to investigate associations between periodontitis and left ventricular geometry, in populations with and without systemic comorbidities.
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